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POTENTTIAL ITMPROVEMENTS IN MATERIALS ACCOUNTING FOR AN
INTERNATIONALLY SAFEGUARDED FUELS REPROCESSING PLANT

E. A. Hakkila, H. A. Dayem, D. D. Cobb,
R. J. Dietz, and J. P. Shipley
Safeguards Systeme Group (Q-4)

Los Alamos Scientific Laboratory
Los Alamos, New Mexico, USA

Abst cact

Tne effectiveness of improved materials
accounting was evaluated using computer model-
ing, simulation, and analysis techniques for two
mode] reprocessing plants. One plant, sized to
210 MTdM/yr, represents tihe small plants cur-
rentlv under internutional safeguards and the
other, mized to 1500 MTHM/yr, represents the
large plants expected in the future. The rtudy
indicates that conventiona! accounting may meet
IAFA gnal quantities and detection times for
low-enriched uranium in these facilities. Dv-
namic materials accounting can meet the TAFA
goal for detecting abrupt (1-3 wk) diveraion of
8 kg of plutonium. Current materiale accounting
techniques prohahly cannot meet the protracted
diversion gonl of detecting B kg for pnlutonium
in 1 yr. Facility design feratures that can
improve the effectivencss of materials arcount-
ing in tuture plants arr discussed,

l. __Intrnduction

I' is grenerally accepted that nuslear mate-
rials accounting procedures currently applied
in perating nuclear reproceaping facilitivs
will not meet more airingent international aafe-
guards  requirements for the high  throughput
facilities expected to be built during the laat
decade of this centur:, Improved materials
accounting techniques were evaluated for (1) a
prenent=-day amall (210 MTHM/vyr} repracesaing
plant and (2) a future large (1500 MTHM/yr)
reproceasing plant.  Considerations of procear
[‘ows and plant denigne han led to development
of denipn criteria that can improve the effec-
tivenesan  of materialn  sccounting in future
reproceaning plants.

The detailed terma and conditioum for safe-
guarding  apecific facilitien within nations
mignatory to the Treaty on the Non-Proliferation
of Nuclear Weaponn (NPT are negot iated with
the Inte-national Atomiv Enerpy Agency (1AEA)
in accord with the general conditions of Article
111 of the NPT an net forth in the 1AFA document
INFCIRG/153.7

The objective of international safeguardas,
a declared by thene documenta, in the .. .time-
ly detection of diveraion of aignificant quantij-
tien af nuclear material from praceful nuclear
activitien... ." The emphania in on ",..the
use of maleranls accountancy as a safeguarda
meanure of fundamental i{mportance, with contain-
ment and surveillance am {uportant conplementary
meanuren, ., "

INFCIRC/15Y, para. 11 alsp requirem that
the 1AEA "shall make full uae of the State's

system of accounting for and control of all nu-
clear material subject to safegucrds under the
Agreement, and shall avoid unnecessisry dupliva-
tion of the State's accounting and cont-ol
activities."

The application of international safeguards
is negotiated between the IAEA (Agency) and the
State (operator) on a case-by-case basia. "Goal
quantities'" for the detection of diversion have
been proposed by the IAEA,3 but are not pres-
ently a safeguards requirement. Theac "goals"
are related to the quantities of nuclear mate-
riais required to produce an explosive device
ard the time necessary to convert these mate-
rials to that purpose. The goals include the
detection of rhe diversion af:

® 75 kg of 235y contained in low=cnriched
uranium nver a period of one vear.

* 8 kp of plutonium as nitrate or oxide in
1-3 weeks (Mabrupt diversion').

* R kp of plutonium ag nitrate or oxide
over an entire year ("protracted diver-
gion'),

The Apency vevification of the Siate's
account ing aystem congists of three step-:

s Examinatinn of the information oarovided
in the Derign Information Quertionaire
and in subsequent  routine and special
accounting repertr;

® Collection of indeprndent information by
the TAFA in inapectinne;

¢ Evaluation of the 1nformation provided by
the State and collected in inupectionn for
the parposr of determining the complete-
nesan, accuracy, and validity of the infor-
mation providnd hy the State,

Inapection activity as defined in INFCIRC/
153 permits approxinat~lv 3700 man hours (I8
man years) and 1400 man hourn (7 man vearn) of
anni1l  inapection, rerpactively, for plantw
having annual throuphputs of 1500 and 210 MTIM,
Thux, continuour in~~.ction in such plantn in
fuorsseern.

2. The Reference Facilit.en

Uning detailed procesn and measurement ava-
tem modeling and aimulation tochnlquon,“ var-
fouy accounting strategies were evaluated fm
detecting diversnion in a small (210 MTHM/yr)
and A Yarge  (1%00  MTEM/yr)  reproceaning
plant. %6 The PNC pilat facility at Toka
mura, Japan, wan atudied am typical of planta



currently under 1AEA safeguards. The Allied-
General Nuclear Services (AGNS) plant at Barn-
well, South Carolina, was selected an represent-
otive of large facilities expected to be under
IAEA safeguardas in the 1990s. Both plants use
conventional Purex technology to reproceas LWR
reactor fuels having nominal plutonium concen~
trations of approximately 1%.

For this study, both reprocesaing plauta
can be divided into four materials balance arean
(MBAs).7 The fuel receiving and storage area
(MBA 1), the uranyl nitrate product storage area
(MBA 3), and th~ plutonium nitrate product stor-
age aren (MBA 4) are shipper-receiver and item
contrnl areas. The chrmical separations process
area (MBA 2) in a process MBA in which periodic
shutdown and cleanout physical inventories are
augmented by near-real-time accounting tech-
niques to improve the detection sensitivity and
timelinerss fnr wsnort-term diversion. The
accounting mcasurement natrategies have been
dercribed previously.?”

The chemical meparations process arca (MBA
2) can be treated as a ainele unit procens
accounting arca (UPAA) for near-real-timec mate-
1ials balances, or it can be divided into mul-
tiple UPAAs, deprnding on facility design and
process operating condftions.

Large Reprocessing Plant.

The MBA 2 for the AGNS facility wes consid-
ered esn a single UPAA (UPAA ] 2) and also wan
subdivide! 1nte two UPAAR. the codecontamina-
tinn-partition proceas (I"PAA 1) and the pluto-
nium purification process (UPAA 2),

urAA 1 7--Chemical Scparations Process. The
chemical acrparations proceas MBA in treated an
a ninpgle UPAA (UPAA | 2) by combining in-process
inventory and flow measurements to form a dv-
nanic materials balance approximately every 2
days. Under normal operating conditionm, 2-1/2
accountability batches and 1 product batch are
proceased every dav. Therefore, process logic
sugpgeats that a materiale balance can be taken
every two days to include an integral number of
feed and product bitches. Smaller batches, for
example to hiph=level wanten, are included in
the materialn balancer when the meanurements
become availa'lr,

Alternatively, a materiala balance could be
taken around UPAA 1 2 after each feed batch
(approximately every 9.6 h) if on-line flow and
concontratior. measurementa are added to the
plutonium product atream.

ceanen, A" meparate tUPAA can Be formed  around
the codecontamination-partitioning procennen if
flow-rate and cnncentration measurementn are
added  to the intermadiate plutonium product
after partitjoning and recyrle atreamn. A dy-
pamic materiala balance can be taken about
UPAA | for each feed accountability bateh (every
3.6 b} hy combining measurementa of the concen-
tratfon and volume nf the feed batch, the con-
contrations and flow-rate in the intermediate,
product, recycle, ond waste atreamsa, and the
{ntervening in-proceam inventoriea in the pro-
cean vearela,

UPAA 2--Plutonium Purification Process. Dy-
namic materials ba'ances can be taken abu.t the
plutonium purification process if flow and cun-
centration measurements are added to the aqueous
and organic recycle streams. Materials balances
can be taken using one of two product measure-
ments: concentration and volume measurements
in the plutonium product sample tank or inte-
grated flow-rate and concentration measurements
on the concentrator product siream. Contactnr
in-procesi inventory may be eatimated uming pron-
cess operating data.l10

Smal]l Reprocessing Plant.

The MBA 2 for the facility wea treated as a
single UPAA (UPAA | 2) but could be subhdivided
into three UPAAR: the codecontaminatinn process
(UPAA 1A), the partition process (UPAA 1K), and
the plutonium purification process (UPAA 2).
This further subdivision of the process is pos-
sible becausc buffer tanks installed hetwern the
codecontamination and partition processss permit
additional transfer measurements hetween these
processes. It in important to note that becauun
of the :ow throuphput of the Tokai plant, ade-
quate A~naitivity to ahort-term diversion is
attained treating MBA 2 as a single UPAA; how-
ever, for largcr facilities inatalled, suitably
sized buffer tanks could improve the diversien
detection menaitivity and localization.

3. Effectivencss of Materiale Measurement
Account ing

Table 1 limew Uranium=-275 materials balance
atandard deviations in the procesas MRAx of the
reference  facilitien. The materials bhalance
standard deviations are based on a shutdown and
rleanout physical inventory and were calrulated
uring atate-of=-the-art measurement techniquer.
A range of values im given for two cases. In
the firnal case, feed and product concentatinn
measurements were recalibrated every 2 davs.
In the psecond caar, there are no inatrument
recalibrationa within the accounting period.
Thesr materi{alsn accounting mensitivitier will
be degraded if high-quality meamurementa cannot
be obhtained, Conversely, the aenmitivities
could approach the valuen of the firat cane it
nmearurement errora can be controlled more offee-
tively by identifying dominant error asources
and eatablinhing effective measurement control
proceduren., Note that the diveraion detection
aennitivity in ~3.3 timen the materiale balance
atandard deviation for a 95X detection probabil-
[ty and a falre-alarm probability of 5. From
our analyain, wo conclude that:

TABLE 1

URANTUN-2)8 NATERIALA ACCOUNTINO IN T™F
REPRARNCE PACILITIAR

Materiale 'nlgncg Ql.ndaqiig’{lit}nnl [LUN
[ ]

Aacount ing w : -,il."i“‘. ravil :uom :
Perind Eﬁ]ilnl& ‘o%!ln(lﬁil Fhidlcal I:p{ll‘l"hl
..(monthe} ) A e Alea
b ] 6.1-10.4 0.4-1.1
[} 11.6-20.) 1.%-2.»

12 21.)-40.1 2.8-5.10



o For 235U the proposed IAEA criteria for ¢ In the large chemical separations process

diversion sensitivity and timeliness area, the propcsed IAEA criteria for dc-
probably are attainable by conventional tecting abrupt diversior can probably be
materials accountability for the small met if a rigorous measurement control
reprocessing plant. For the large plant program ia undertaken.
mensitivity criteria can only be met if * In the larse chemical separations process
rigorous materiale measurement control area, the propoced IAEA criteria for de-
programs are instituted. tecting protracted diversion cannot be
met; the goal quantity is only 0.05% of
Table 11 asummarizes plutonium materials the annual plant throughput.
balance atandard deviations for the proceas o In the rmall chemical separations procers
MBAs of the reference f{acilities. Additinnal area, proposed IAFA criteria for abrupt
accounting strategiea are discussed in Sec, V diversion probably can be met.
of Ref. 6. Materials balance standard devia- e In the snall chemical scparations procesd
tians for accounting periods <! month are ba:ed area, the proposed IAEA criveria for pro-
in-process inventory teasurements while Lhe tracted diversion may he achievable.

proceis is operating. Materials balances stand-
ard deviarions for accounting periods =»1 month

arc based on a shutdown and cleanout physical 4. Process Design Considerations to
inventorv. In each case, a range of uncertain- Improve Materials Accounting
ties is given for the entire process area. The
carcs conridered range from best-—-cisc estimates Features of processn design and operation
of contactor ju-process inventories with 2-day can strongly affect the application or materials
recalibrations of feed and product flow and con- accounting methods to high-throughput reprocess-
centration measurements to worst-c¢iac estimates ing facilities,? 11.1 Traditionally, little
in-process inventeries and no recalibrations conpideration is given to safeguards effective-
within the accounting periods. Note that the ness before the establishment of a plant and
diversion detection sensitivity is 3.3 times procens design. Safeguards system designers
the materiale balance standard deviation for a arc presented either with an existing facility
95% datection probability and an false-alarn or with a relatively complete and fixed plant
probability of 5., denrign. With the increased re-ognition of the
In examining materials accounting s'nriliv- importance of safeguards, the situation mav be

itirs, we further conclude that for plutonium:

TABLE 11

PLUTONIUM MATERIAL: ACCOUNTING IN THE RCrERENCE PACIL'~IES®

_.targe Reference Facility _  __ _ ______  _Bmali Reference Facliity

..Chemical Separations Area . Ccaversion Area =~ _ Chemicsl Bepaiations Area
Accounting  Materialn Balance Materialm Balance Materialn Balance
Per ot . Prequency’ o (kg Pu) ____Pieguency® g (kg Pu)! Frequency® g (kg Pu)
1 balance 172 daya 2.1-2.4 1/2.86 h 0.40 l/day 0.25-0.38
1 day -—- - 1/2.88 h 0.4) i/day 0.24=0.34
1 wk 1/2 dayn 2.5-2.8 1 .88 h 0.70-0.8% 1/day 0.10-0.4)
2 whk 1/2 dayn 1.0-3.4 1/¢.88 h 1.1-1.4 1,day 0.36-0.52
1 month 172 daym 4.0-5%.7 1/2.88 h 2.0-2.4 l1/day 0.40-0.77
7?2 montha - -— 1/2 monthn 4.0-4.9 - -——
1 montha 1/} montha 7.%-14.0 1/3 moatha %.9-7.2 172 montha 0.94-1.9
6 montha 1/6 montha 11.0 26.0 e - 1/6 montha 1,7=3.7
1 yr 1/yr 21.8-92.17 -- -- 3ye 3.2-7.)

hatatlaTa Talance atandatd deviationw for accounting pe: ioda 31 month are based on in-process inventory
measul emehts wvhile the procesn ia operating. Materials balance standard deviations ‘or sccounting periods
*] month are based on a shutdown and cleannut phyaical inventory. Rangea are given for the casea that are
conaidered In Bec, Vv, Relf. 6, Unlean oOtherwise noted, the accounting strategies shown here use chemical
analysia techniques for the feed and product batchen,

mynnln mater fals balancen taken every 2 daya include five input accountability bsgtches and twc product
tchen,

:m{n:m-- Batelr lals balances taken every 2.88 h include cne input accountahllity butch and three product
atonhen,

dAn on-1ine measurement technique tor the product hatches in used {n the accounting strategy shown here,
This meanurement (s replaced by the reault of chemica! analysais of a sample ~0 h after the bn‘\ is producJd,

®hynamic materials halances taken ovnx day (immediately aiter the product evapnralor is drained) in-
clude two fesd accountahility batches and one product baten.



changing, and, in future plant denigns, safe-
guards criteria ahould be regarded as equivalent
in importance with healrth, safety, and economic
considerations.

Guiding Principles.

Certain guiding principles govern ¢ffective
materiala control and accounting in anv nuclear
materials prozess. Each measurement is impor-
tant for i1ts impact on the lossr-~detection sen-
sitivity. Thus, the necessity for cach measure-
ment point and the desired quality o! each mea-
surement should be judged by syu.ematiceally
aunlyzing the anticipated effects on matecriala-
accounting sensitivity.

In high-throughput processes, the relative
accuracy between feed and product measurements
Timite the long-term detectijon mensitivity,
and long-term relative biasesn between feed and
product measurements should he controlled. The-
oretically, *he limiting factor is the uncer-
tainty in the relative bias Letween the physical
atandards used for these measurements, which
may be <0,1%Z. To approach this limit, sources
of long-term measurement biar other than stand-
ards must be controlled by careful design of
the sampling, measurement, &nd calibration hard-
ware and procedures (Ref. 15, Part F; Refs. 16-
19). Feed and product accountability vesascls
muat be designed for accurate calibration and
should be acceanible for calibration checks and
periodic recalibrations.

In dynamic materials accounting, the preci-
Bion nf the in-proacesas inventory measuremente
and the va.iability of any uvameasured holdup
are the limiting uncertainties in short-term
detection. The majority of the | wentorv
should be in tanks and vesnels that are instru-
mented for on-line meamurements. Precisions nf
1 to 5% geonerally are adequate. However, aeven
with very preciae measurements, large buff - r-
atoragr *anks may introduce large abgolute
errors that will aeriounly degrade the short-
term detection menmitivity. n the other hand,
relatively minor holdups and sideatreams will
have little effect on detection aenmitivity,
and estimates based on hintorical data can be
used until theae components are meanured, for
example, during a physical inventory,

1f all eajor in-procesn-inventory and pro-
cenn-stream componentan are aeasured, dynamic
materiala halancer can be drawn around tranafers
between taoka and acrcas veamncln. Such balancen
may not regquire the precinion and accuracy of
conventional accountability, but they will he
hoth aenmnitive and timely in abrolute terma.
Thua, procean-denign criteria for materialns
accounting ahould apecify measurements for all
the major inventory and flow componentn, and
thene criteria should be inteprated early in
the plant deaign.

Denign Criteria ‘or Future Reproceaming Facili-
!Irl

The materiala accounting syatemmn were atud-
fed for ex{sting or denigned facilitien; there-
fore, safepuarda criteria did not influence
facility derign. Beveral arsan were fidentified

vhere modifications in the plant or process
design could improve the materialfr accounting
system.

NDA on Spent Fuel. Nondegtructive assav
methods ahould be considered for verifying fue!
burnup and/or fissile content of irradiated furl
in the fuel receiving and storage area.20-22

Input Accountability. The accountahility
tank and measurement procedures should be dr-
signed to provide the most accurate analyses
and verification of nuclear material input to
the sccountability tank. If accountability tark
heels and recycle material degrade the qual.ty
of isocope correlation analymei, provisinon
should be made for obtaining samples directly
from the dissolver. Recycle HNOj containing
plutonium should not be used in rhe dissolver
or accountability tank.

To minimize the effect of contained partir-
ulates, the centrifuge should be located ahras
of the accountahility tank.

Solvent FExtraction Contactors. Uncertain-
ties in contactor inventory have been identified
ac a limiting factoer in mhort-term detectinn of
diversion from the process area of reprocessring
plants. Imnroved modele of contactor opnrntlun
would upgrade in-process inventory estimates. )
Whrere  practical, pulsed columna and mixer-
settlern ahould be replaced with centrifupal
contactors to minimize in-proceas iuventory and
to decrease the time required for obtaining a
drain-down inventory,

Codrcontamlnnrlnn Cycle. Codecontumination
can be 1mprnvna increasing the numbher  of
Atager in the HA con!nctnr or by providing an
additional decontamination cycle.  The reduced
radioactivity would facilitate plutonium concen-
tration measurementa at the input to the plut.-
nium purification cycles.

Proceas Tanka. Al]l procern tanks containing
sixnificant quantities of nuclear material
shonld be inatrumented for liquia level, dens-
fty, acid, and temperature measurementr., Theue
procesn data facilitate eacimating the in-pro-
cenn inventory.

Procean Buffer Tanka. Inatalling bufler
tanks Betwoen major proceas areas decouplen and
thereby anniatn in defining UPAAR., Decoupl.ng
could allow proceas interruption in the plute-
nium purification arera without dinrupting head-
end operationa,

Product Concentration. Collocatien of -lo
reprocenning and convermion facilitiea elimi-
naten the need for the plutonium product concen-
trator at the output of the reproceaning plant.
The plutonium output concentration of the final
plutonium purification cycle could he taflored
to the requirements of the cnnvermion procrasn.

Proceas Stream Mewurements. Flow meters
capahle of meanuring fiow rates to 13 or betie
fn mu)or procesn atreama and 5-10Y in wantr

atreama should be (natr,led. In-l{ae or at-line



detectors should be incorporated to measure plu-
tonium concentrations to 1% or better in process
streams and 5-202 in waste streams.

Instrument Accessibilityv. All

instruments

et key measurement points should be accegsible

for maintenance and recalibration. All

sEensors

should be tamper resistant or tamper-indicating
for use by internatinnal inspectors.

Redundant

Inatrumentation. Redundant flow,

volume, and concentration .nstrumentation should
be considered at KMPs.

Computer Data Handling. All

data acquisi-

tion and analysis should be performed by compu-

ter,

and all in-line and laboratory instruments

should be linked to the data-base computer.
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